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The  Ohio  State  University 
Research  Foundation 

1314  Kinnear  Road 
Columbus,  Ohio  43212 


The  strengthening  effect  of  gallium  arsenide  by  indium 
additions  is  under  examination.  Interpretation  of  high 
temperature  hardness  results  of  In-free  and  In-containing  GaAs 
suggests  that  the  intermediate  temperature  hardening  of  these 
materials  may  be  sufficient  to  reduce  dislocation  densities  by 
two  orders  of  magnitude  during  growth.  The  second  quarterly 
report  describes  the  most  recent  mechanical  tests  and  electron 
microscopy  in  this  study  to  better  understand  the  solid-solution 
strengthening  in  these  systems. 

(1)  Progress 

Compression  tests  on  LEC  grown  semi-insulating  undoped  and 
In-doped  GaAs  single  crystals  have  been  completed  in  the  [123] 
orientation  in  the  temperature  range  700  to  1100°C.  The  [123] 
orientation  allows  deformation  via  a  single  slip  system.  The 
In-doped  materials  had  an  In  concentration  of  2xl020  cm”3. 

For  both  materials,  the  linear  region  of  the  stress-strain 
curve  results  in  a  lower-than-anticipated  elastic  modulus, 
indicating  the  occurrence  of  micro-creep.  The  slope  is 
significantly  smaller  for  undoped  materials,  suggesting  a 
higher  creep  resistance  for  In-doped  materials. 

Both  undoped  and  In-doped  materials  showed  the  presence  of 
an  easy  glide  region  in  this  single  slip  orientation.  However, 
the  critical  resolved  shear  stress  (CRSS)  for  the  In-doped 
material  was  nearly  twice  that  of  the  undoped  material.  This 
observed  increase  in  the  resistance  to  glide  is  sufficient  to 
eliminate  dislocations  in  the  growth  of  large  diameter 
crystals.  Values  of  the  CRSS  are  weakly  temperature 


dependent,  consistent  with  the  solid  solution  strengthening 
model  proposed. 

In  Stage  III  of  the  deformation,  higher  stress  values  for 
the  onset  of  dynamic  recovery  show  that  dislocation  climb  is 
slowed  by  the  Indium  doping. 

Transmission  electron  microscopy  studies  of  deformed  In- 
doped  and  undoped  [100]  GaAs  are  complete.  Specimens  deformed  at 
900  and  1100°C  show  complex  defect  structures  due  to  multiple 
slip.  Perfect  as  well  as  partial  dislocations  forming  dislocation 
networks  have  been  observed.  However,  dislocation  loops, 
prevalent  in  specimens  deformed  at  700°C,  were  rare  in  the  1100°C 
samples.  A  detailed  analysis  of  the  dislocation  structures  and 
their  interaction  mechanism  is  in  progress.  An  estimate  of  the 


stacking  fault  energy  will  be  performed  on  these  specimens  by 
measuring  the  width  of  the  partial  dislocations  in  the  deformed 
specimens.  Furthermore,  TEM  studies  of  deformed  materials  in  the 
single  slip  orientation,  [123],  will  be  performed. 
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None. 


(3)  Changes  in  key  personnel 
None . 


(4)  Substantive  information  derived  from  meetings 

Materials  for  study  are  continuing  to  be  supplied  by  Dr. 
Noel  Thomas  of  Westinghouse  R&D  Center.  Discussions  with  Dr. 
Thomas'  group  take  place  on  a  bimonthly  basis. 

Undoped  GaAs  grown  by  the  Bridgman  technique  has  been 


v.  vww* 


ordered  from  Crystal  Specialties,  Inc.  for  comparative  studies. 
In  addition,  Dr.  Arati  Prabhakar  from  DARPA  has  requested  high 
purity  Bridgman  crystals  from  Bell  Laboratories  for  our  studies 
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